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ABSTRACT 


This report contains post-test information for the Space Shuttle Orbiter Crew Hatch 
Jettison Test OA362 which was conducted in the Texas A&M Low Speed Wind 
Tunnel from 6/15/1987 to 6/22/1987. 

The test objective was to verify that the crew hatch, once jettisoned, would clear the 
orbiter under various simulated flight conditions. Several model hatches were used 
with the 0.0405-scale orbiter (Model 16-0). The model's angle of attack was set at 
10, 15, and 20 degrees while the sideslip had values of -5, 0, and +5 degrees. The 
full scale Qbars that were simulated were 105, 128, 160, and 210 psf. 

In the hatch jettison mechanism itself, the plunger pressure was varied to achieve 
horizontal velocities of 3, 5, 7, and 20.1 feet per second model scale, and the plunger 
location was varied to achieve a variety of rotational velocities. 

The orbiter model was subjected to 122 runs with 13 different hatches. Of these, 60 
were good runs. 
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INTRODUCTION 


This report presents information for the Crew Hatch Jettison Test (OA-362) which 
was conducted in the Texas A&M Low Speed Wind Tunnel. The test was performed 
with a 0.0405-scale Space Shuttle Orbiter (Model 16-0) from 6/15/1987 to 
6/22/1987.). 

The purpose for this test was to verify that the crew hatch, once jettisoned would 
clear the orbiter. This objective was tested under several different jettison conditions 
and flow field conditions. 

There were two major variables when dealing with the jettison conditions. The first 
was the initial horizontal velocity of the hatch. This was determined by the force of 
the plunger used to eject the hatch. The second variable was the initial rotation of the 
hatch. This was needed to test to what extent a failure of a hatch thruster cartridge 
or an asymmetry of the three thrusters would have on the hatch trajectory. This was 
simulated by jettisoning the hatch with various plunger positions that were off-center 
of the c.g. of the hatch. 

The different flowfield conditions were created when the desired tunnel wind speed 
and model angles of attack of 10, 15, and 20 degrees and sideslip angles of -5, 0, 
and +5 degrees were attained. The full scale dynamic pressures that were simulated 
were 105, 128, 160, and 210 psf. The model scale dynamic pressures that were 
derived from these were 8.0, 9.7, 12.2, and 16.0 respectively (see Table I). 



MODEL DESCRIPTION 


The test article was a 0.0405-scale model of the 140C modified Space Shuttle Orbiter 
designated Model 16-0. This orbiter model utilized blended wing-body design with a 
double delta wing, full span split elevons, a center line vertical tail with rudder and 
speedbrake, a canopy, a body flap, and orbital maneuvering system (OMS) pods. 
During the test it was assumed that the landing gear (main and nose) would be 
retracted when the hatch was jettisoned. Therefore, the landing gear was not 
included on the model. The orbiter model also included an ejector assembly to release 
and jettison the hatch. This assembly was housed in a cavity shell that was installed 
to simulate the crew hatch opening and some exposed internal volume (Figure 1b). 

The release mechanism inside the cavity consisted of a fused screw "burn bolt". It 
secured the hatch in place against the ejection force which was preset. For the hatch 
to be released, the bolt was broken by passing a high electrical current through its 
fused section. The current was delivered by a Rockwell provided 1200 joule 
capacitive-discharge system. It was operated at about 42-joules during the test. 

The jettison mechanism was a pneumatic cylinder/piston/plunger arrangement with 
a stroke of 0.324 inches. The cylinder pressure and plunger position was varied to 
adjust the initial horizontal and rotational velocities. 

The model hatch was constructed of aluminum with the external shape cast from a 
dense foam ("Litecast") in order to obtain the incompressible scaled mass properties 
of the full scale hatch (mass, inertia, and c.g.). Fine tuning of the mass properties 
was done with lead "B.B.'s". 

The model was mounted upright (wings level) on a double strut structure which was 
attached to the underside of the wing. These struts were fixed to the tunnel's 
turntable (Figures 1c and Id) which was responsible for controlling the model's 
sideslip angle. A stub sting was extended from the rear of the model and fixed to a 
third strut (Figure la). It was this third strut that was responsible for the pitching of 
the model. The "burn bolt" power cables and the jettison mechanism pneumatic line 
were routed up the rear strut/sting assembly and into the model. 

The following nomenclature will be used to designate the various model components: 
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COMPONENT 

DESCRIPTION 

B62 

Baseline - 140C orbiter fuselage 

B63 

Simulated crew hatch jettison (L.H. fwd.) 

G20 

Vehicle - 101 orbiter nose and main landing gear 
(retracted) 

Ml 6 

-140C orbiter OMS/RCS pods 

N28 

-140C orbiter OMS nozzles for Ml 6 

W127 

Baseline -140C orbiter wing 

F10 

-140C orbiter body flap 

E55 

-140C orbiter elevons with flipper doors for W127 

V8 

-140C orbiter vertical tail 

R5 

-140C orbiter rudder for V8 
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DATA REDUCTION 


Instrumentation utilized for this test consisted of pressure measuring and photographic 
equipment. 

To record the hatch jettison cylinder pressure, a Rockwell high pressure transducer 
(Statham PA822, 0-300 psia) was provided. The output was approximately 0.1 
mV/psi @10V excitation with gaseous nitrogen used as a pressure source (K bottle). 

The photographic requirements included video footage and still photographs (to show 
installation). The video footage was acquired from two high speed video cameras 
(200 frames/sec). One camera was mounted above and the other was mounted 
facing the hatch side of the model. They were both time correlated and in sync with 
the tunnel lighting. The video tapes were run through a motion analyzer at the Texas 
A&M University for reduction to provide X-Y-Z positions and the velocities (horizontal 
and rotational) of the hatch. 
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TEST CONDITIONS 


The PA822 high pressure transducer was calibrated from 0 to 150 psig in 30 psi 
steps. 

The hatch jettison mechanism was calibrated at Rockwell, NAAO. The results 
showed that the system zero was at X = 0 and Z = -0.025 assuming that the door 
center was at X = Z = 0. 

After installation, several static runs were made (61-63,91-93, 102, 117-118, 121- 
122) as well as a few general system checkout runs (1-5). The details of these runs 
are shown in the run schedule. 

The full scale dynamic pressures that were simulated were 105, 128, 160, and 210 
psf. To achieve these conditions, the tunnel was operated as follows: 


SIMULATED FLIGHT 

VELOCITY 

MACH 

q 

QBAR (psf) 

(f/s) 

NUMBER 

(DSf) 

105 

82 

0.07 

8.0 

128 

88 

0.08 

9.7 

160 

101 

0.09 

12.2 

210 

116 

0.10 

16.0 

* 80% OF TESTING 





The test points were taken at 10, 15, and 20 degrees angle of attack (85% at 15 
degrees) and at -5, 0, and +5 degrees angle of sideslip (70% at 0 degrees). The 
order of these tests, as well as preliminary results, can be seen in the run schedule 
(Table IV). 

The primary variables throughout the test were the simulated hatch horizontal (EVh) 
(see Figures 3a and b) and rotational velocities. The plunger offsets, which controlled 
the initial rotational velocities, can be seen in Figure 2. The theoretical conversions 
to actual rotational velocities at hatch separation are shown in Figure 3c. 


TEST FACILITY DESCRIPTION 


The Texas A&M University Low Speed Wind Tunnel is an unpressurized air-medium 
facility capable of attaining continuously variable test section dynamic pressures from 
0 to 100 pounds per square foot. The wind tunnel is of the closed-circuit, single- 
return type having a rectangular test section ten feet wide and seven feet high. 
Reynolds numbers are variable up to 1 .84 x 10 6 per foot. Models are supported in the 
test section by either a sting or struts depending upon the test requirements. 
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TABLE I 


DYNAMIC PRESSURE SCALING 


= (SCALE) 
<1f P f 


SCALE = 0.0405 
FOR AN ALTITUDE OF 20,000 FT. 

-£-=0.5332 

Po 


<?F 


= ( 


5 1 332 ) (0.0405) =0.075956 


QBAR MODEL SCALE = QBAR FULL SCALE X 0.075956 


QBAR FULL SCALE QBAR MODEL SCALE 


105 PSF 
128 
160 
210 


8.0 PSF 
9.7 
12.2 
16.0 
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DATA SHEET 


ItviAiiUfo: wt. - -u to -s% 

lyy ■ -*- 2 % tO 

*cg " 0 

Z-„ - -.007" to +.008' 


LtSIGfc vt. 

1 yy 


.0363 lb 
3s 2696-6 SI -ft 2 
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DEVIATION: vt. - -U to -5* 

l yy * + to 
*cg “ 0 

Z cg " *-007" to ♦.008" 


DESIGN: vt. - .0363 lb 

lyy - J.269E-6 Sl-ft 2 
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FIGURE la 

MODEL INSTALLATION SHOWING STING/STRUT ASSY. 
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FIGURE 1b 

MODEL SHOWING "CAN" AND PLUNGER ASSY. 
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FIGURE 1c 


MODEL INSTALLATION SHOWING STRUT 
LOCATIONS AND TURNTABLE - FRONT VIEW 
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FIGURE Id 


MODEL INSTALLATION SHOWING STRUT LOCATIONS 
AND TURNTABLE - REAR VIEW 
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